I. INTRODUCTION
Ammonia (NH 4 +), nitrate (NO 3 -), and nitrite (NO 2 -) are inorganic nitrogen commonly found in urban stormwater runoff [1] . These compounds are normally resulted from auto emissions, fluid leaks from vehicles, home use fertilizer and pesticides, refuse, and pet feces. These pollutants in stormwater have adverse effects on groundwater quality especially in urban areas [2] which is also responsible for eutrophication problem in receiving water [3] .
These nutrients have harmful effects on human health and overall ecosystem. Although nitrate is fairly non-toxic, but when it transform to nitrite, which combines with hemoglobin in the blood to form methemoglobin, it might have risk in infant's body called methemoglobinemia also known as "blue-baby syndrome" a situation of oxygen deficiency [4] . There is incidental confirmation linking nitrite in leading to cancer risk [5] . Thus, the maximum contaminant levels of NO 3 --N and NO 2 --N are set as 10 mg/L and 1mg/L for drinking water respectively [6] .
Bioretention systems are commonly used for removing the inorganic nitrogen from stormwater [7] [8] [9] [10] . The use of different sorption media in this system is the most daunting task to select. Using renewable resources for contaminant removal through adsorption is becoming more cost-effective method. Some materials have been tested for this purpose, such as sepiolite [11] , bittern [12] , clinoptilolite [13] [14] hardwood mulch [15] , and sawdust [16] [17] [18] .
All researchers were mixing sawdust with other green sorption media. Xuan (2010) studied a mix of selected media consisted of 68% fine sand, 25% tire crumbs, and 7% of sawdust. They used less than 10% of sawdust in their adsorption media for supporting denitrification. If part of the medium becomes anaerobic, in that case, sawdust acts as an electron donor. They investigated that 96 % of nitrates were removed during 24 hours of shaking time which followed by 24 hours of anaerobic period [17] . Whereas Hossain [18] mixed 50% sand, 20% limestone, 15% sawdust, and 15% tire crumb in their experiments. They concluded that the filter media mixture was efficient and effective for the removal of nitrate and nitrite at lower concentration. The highest removal efficiency was reached at 95.36% with 0.5 mg/L influent of nitrate after 5 hours of hydraulic retention time. Nitrite was reached 98.72% removal efficiency with 2.5 mg/L of nitrite and 100% removal efficiency for ammonia with both waste load concentration of 0.5 and 2.5 mg/L after 1 and 1.5 hours hydraulic retention time [18] . Kim [16] selected the different material as potential electron donors to treat stormwater. They performed three sets of experiments: (i) Set 1 consisted of alfalfa, newspaper, and leaf mulch compost, (ii) Set 2 consisted of sawdust, wood chips, and wheat straw, and (iii) Set 3 consisted of small sulfur-limestone, large sulfur-limestone, and large sulfur only particles. They found that in experimental set 1, 100 % nitrate removal was observed in the alfalfa and newspaper column. In set 2, the sawdust, wheat straw, and wood chips columns were achieved greater than 95% nitrate removal. The small sulfur-limestone column, in set 3, was attained 91% nitrate removal. Based on these results, they chose newspaper, wood chips, and small sulfur-limestone as the best electron donor for their further experiments. In experimental set 2, because of wood chips showed better removal of nitrate along the column length (data not shown), they opted wood chips rather than sawdust [16] .
There is a very limited literature explaining the mechanism of adsorption on sawdust solely in stormwater. Since sawdust is abundant, inexpensive and unused resources from agricultural byproduct, the use of this material would be beneficial for both the environment and wood agriculture: polluted streams would be cleaned and a new market would be opened for the sawdust. Sawdust from radiata pine contains cellulose, lignin, and tannins or other phenolic compounds which are active ion exchange compounds [19] .
The main objective of this study is to investigate the removal efficiency and modes of surface coverage of sawdust for the removal of inorganic nitrogen from synthetic stormwater and to examine the adsorption isotherm models which best describe the experimental data.
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II. MATERIALS AND METHODS

A. Materials and Equipments
The sawdust of Radiata pine wood was taken from Stokic Nominees, a wood manufacturing company at Maddington Western Australia. Manufacturer confirmed that the radiata pine wood was not chemically treated and the sawdust was free from any chemicals. To remove the dust and any possible nutrients, sawdust was washed with distilled water. After each washing, 2 ml water from effluent was taken and filtered for nutrients analysis. After 6 to 7 times washing, nutrients contain in sawdust became nil. The wet sawdust was oven dried at 105 0 C for 24 hrs and then stored at room temperature (22±2 0 C). All chemicals used in the experiments were analytical grade and purchased from Thermo Fisher Scientific, Sydney, Australia and solutions were prepared with deionised water. The stock solution of ammonia-nitrogen (NH 3 -N), nitrate-nitrogen (NO 3 -N), and nitrite-nitrogen (NO 2 -N) solution were prepared from NH 4 Cl, NaNO 3 , and NaNO 2 respectively. New solutions were prepared before each experiment to avoid any possible contamination. The pH measurement was performed using HACH portable pH/temp meter (accuracy ±0.1). The concentration of NH 3 -N, NO 3 -N, and NO 2 -N were determined using AQUAKEM 200 water analyzer. The accuracy of the analysis was NH 3 (±0.015), NO 3 (±0.02), and NO 2 (±0.015).
B. Batch Experiments
Batch experiments were carried out for different initial concentrations and dosages. First, 20 gram of dry sawdust (300µm -600µm) was poured into Erlenmeyer flask and 200 ml water solution of desired concentrations (pH 6-7) was taken into the flask. The top of each flask was wrapped using parafilm to avoid evaporation. The Erlenmeyer flasks were kept on a shaking platform (Innova 2000, New Brunswick Scientific) with 100 rpm at room temperature (22±2 0 C). The time required for getting the equilibrium condition was estimated by taking a 5 mm samples until equilibrium was reached. All samples were tested after passing through filter syringe size of 0.45µm. Next, dosages tests were performed. In this research, a range of dosages (2-20 gram of sawdust) was considered and a known concentration of adsorbate solution (1 mg/L, pH 6-7) was prepared from stock solution. Two hundred milliliter of this solution was transferred into each flask.
The percent adsorptions are calculated as [20] :
where C i and C f are the initial and final nitrogen concentrations respectively
C. Adsorption Isotherms
Langmuir and Freundlich isotherm models are applied to fit experimental data. The Langmuir model is used to illustrate the equilibrium between surface and solution as a reversible chemical equilibrium between species [21] . This model can be written as [20] :
where, C e is equilibrium concentration of nitrogen solution (mg/L) and q e is the amount of nitrogen adsorbed (mg) per unit of sawdust (g). q m and K L are Langmuir constant relating adsorption capacity (mg/g) and the energy of adsorption (L/g), respectively. The Langmuir isotherm is obtained by plotting a graph between Ce/qe and Ce. Based on the additional analysis of Langmuir equation, the dimensionless parameter of equilibrium or adsorption intensity (R L ) can be expressed by [20] :
where C 0 (mg/L) is the initial quantity of adsorbate. The R L parameter is considered more reliable indicator of adsorption:
indicates linear adsorption, and (iv) R L =0 indicates irreversible adsorption. Next, the adsorption data were fitted for Freundlich isotherm. The Freundlich isotherm is applied for non ideal sorption on heterogeneous surface and multilayer sorption such as activated carbon [21] . Freundlich model is expressed in linear form [18] :
where K (mg/g) and n are constants involving adsorption capacity and adsorption intensity respectively. These constants are determined from the intercept and slope of linear plot of log q versus log C respectively. Both isotherms were compared for the correlation coefficient of applicability (R 2 ), whether following Langmuir model as monolayer surface coverage or Freundlich model which is signify of heterogeneous surface coverage.
III. RESULTS AND DISCUSSION
A. Effect of Concentrations
The effect of initial concentration on the removal of nitrogenous compounds from stormwater is checked and shown in Fig.1 . The percentage removal of ammonia-nitrogen was found higher in lower concentrations. The maximum removal (60%) was obtained at 1 mg/L within 15 minutes. The adsorption rate gradually decreased with increasing concentration. Considered that the ammonia concentration in stormwater is usually very low [3] , the sawdust should work effectively in term of removing ammonia in stormwater runoff. The percentage removal of nitrate as nitrogen was reached 100 % at 0.5 mg/L within 21 hours and then was smoothly decreasing when the concentration increased. Nitrite as nitrogen was obtained 100% removal at 0.5 mg/L in 72 hours, whereas other concentrations were taking 96 hours for receiving equilibrium at almost 100% for all range of concentrations. These studies revealed that nitrate and nitrite as nitrogen are very well adsorbed onto sawdust at lower concentrations. Fig. 2 shows the removal of ammonia, nitrate, and nitrite as nitrogen as a function of adsorbent dosage. In general, the addition of the adsorbent dosage increased the percentage removal, which is due to enlarge in adsorbent surface area of the adsorbents. The maximum percentage of removal in each species was obtained at 20 gram of sawdust. It was found that 46% removal in 15 minutes, 93% removal in 15 minutes, and 99% removal within 43 hours were reached for NH 3 -N, NO 3 -N, and NO 2 -N respectively. C. Adsorption Isotherm The adsorption isotherm is an important step of investigation to determine performance assessment of adsorption [22] . Table I lists the values of q m and K L which were calculated from the slope and intercept of the linear plots. The Langmuir adsorption maximum capacity, q m were 0.0647 mg/g and 0.0188 mg/g for nitrate and nitrite respectively. The value of Langmuir constants for nitrate and nitrite is very high (K>1). This high value indicates that nitrate and nitrite ions are strongly adsorbed onto the sawdust.
B. Effect of Dosage Test
The variation of the adsorption intensity (R L ) with the concentration of solution is exposed in Fig. 3 . The R L value ranges for nitrate were 0.3923 to 0.8450 and nitrite value ranges were 0.0141 to 0.5190. This parameter (0< R L < 1) signifies that the sawdust is a proper adsorbent for the adsorption of nitrate and nitrite as nitrogen. Whereas, negative values for ammonia indicate the inadequacy of the isotherm model to explain the adsorption process [23] . The Parameters of the Freundlich isotherm is shown in Table II . Values of K and n were calculated from the intersection and slope. In general, as the K increases the adsorption capacity of the adsorbent increases. K values showed that sawdust is more effective for removing NO 2 -N. Comparing the correlation coefficients in both Langmuir and Freundlich, it was found that Freundlich model (R 2 = 0.8324, 0.9856, and 0.9231 for NH 3 -N, NO 3 -N and NO 2 -N respectively) fits better than Langmuir model (R 2 = 0.7963, 0.9751, and 0.8049 for NH 3 -N, NO 3 -N and NO 2 -N respectively). As the Freundlich type adsorption isotherm is an indication of surface heterogeneity of the adsorbent, this guide us to the conclusion that the surface of sawdust is made from small heterogeneous adsorption patches [24] .
IV. CONCLUSION
The capability of sawdust in adsorption NH 3 -N, NO 3 -N, and NO 2 -N has been investigated by batch experiments. From the results, it can be concluded that sawdust is a very good adsorbent due to its ability to remove NH 3 -N, NO 3 -N, and NO 2 -N from aqueous solution, especially at lower concentration. The percentage removal of NH 3 -N, NO 3 -N, and NO 2 -N was increased when the amount of adsorbent dosage increased. This was because of the increase in adsorbent surface area. From the variation of the adsorption intensity (R L ), it can be concluded that the sawdust is an appropriate adsorbent for the adsorption of nitrate and nitrite as nitrogen. Equilibrium adsorption data fitted better with Freundlich isotherm for all adsorbates. From K-value of
